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(57) The sensor is for detecting a substance and includes a biological component In which electron transport may be 
Influenced by the presence of the substance and optical means for detecting a parameter related to electron transport in the 
biological component or part thereof. 

The invention also provides a method for detecting a substance and a process for preparing a sensor. 

The sensor finds one application, by way of example, in monitoring the potability of water. 
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Sensor 

The present Invention relates to a sensor, a method of 
detecting and a process for preparing a sensor. 

According to one aspect of the present Invention there Is 
provided a sensor for detecting a substance which sensor includes a 
biological component. In which electron transport m be influenced by 
presence of substance to be detected, and optical means for detecting 
a parameter related to electron transport In the biological component 

or a part thereof. 

According to another aspect of the present invention there Is 
provided a method for detecting a substance which method includes the 
steps of subjecting a biological component, in which electron 
transport may be Influenced by presence of a substance to be detected, 
to the Influence of the substance and detecting by optical means, 
which means Includes an emitter and a detector, a parameter related to 
electron transport in the biological component or part thereof. 

The biological component ii«y be, for exain)le, any suitable 
biological component capable of providing an electron transport chain. 

One type of electron transport chain, namely a photosynthetic 
electron transport chain, is mentioned In the publication "Biosensors". 
4 (1989) pages 299-311 (Elsevier Science Publishers Limited, England); 
the present Invention may utilise such a chain but, as hereinafter 
disclosed, is not limited to photosynthetlcally driven electron 
transport chains. 



It win be appreciated that an electron transport chain may 
also be referred to as an electron transfer chain. 

The biological component nay be, for example, a membrane 
within a cell (e.g. a thylakold membrane) or part of the cell membrane 
of a cell; where, for example, the biological component Is provided 
by using a whole cell, any suitable cell may be used to provide a 
biological component comprising, for example, a membrane having an 
electron transport chain. 

Examples of types of cell which may be used as or to provide 
a biological component are bacteria (e.g. a cyanobacteria 
microorganism such as Synechococcus), algae (e.g. green algae), yeasts 

and plant cells. 

It is to be understood that, for example, any suitable 
biological component capable of providing an electron transport chain 
may be utilised in accordance with the present invention. Thus, for 
example, a photosynthetically driven system may be used (I.e. a system 
having a photosynthetically driven electron transport chain may be 
used). 

However, the invention is not limited to the use of such 
systems nor to systems which utilise electrons obtained from the 
splitting of water. 

Thus, for example, if desired, other systems such as those 
driven by other energy sources may be used (e.g. a biological 
conponent or system may be used in which the catalysis of organic 
molecules such as carbohydrates (e.g. glucose) provides electrons to 
be transported along the electron transport chain). By way of 
further exan^le, a mitochondrial electron transport chain may be 
utilised. 

It is also to be understood that, in accordance with the 
present invention, the biological component may comprise, for exaiqple, 
a single component of an electron transport chain (e.g. a protein 
molecule) rather than a complete electron transport chain; where a 
single component of an electron transport chain Is used such a 
coBponent nay be, for example. Immobilised. Any suitable 
iBBiobllisatlon technique nay be used (e.g. adsorption, covalent • 
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attachment, micro-encapsulation or physical entrapment). 

The substance to be detected me^ be, for example, any 
substance which is capable of Influencing electron transport in the 
biological component such as to permit a parameter related to electron 
transport in the biological component or part thereof to be detected 

by optical means. 

Thus, for example, where the sensor is to be used to indicate 
the potability of water, the substance may be a toxic substance or a 
pollutant such as one of those appearing at page 1 of United Kingdom 
Patent Application No. 2189605A. However, it will be appreciated 
that the present Invention Is not limited to detecting toxic 
substances or pollutants; thus, the invention may be utilised in the 
detection of, for example, other substances the presence of which it 
Is desired to detect (e.g. chemical species which may not necessarily 
be regarded as a toxic substance or a pollutant). 

The term "substance", meaning the substance to be detected, 
in this specification, embraces a substance as such or a precursor 
therefor. 

It will be understood that the substance to be detected may 
influence electron transport In an electron transport chain by, for 
example, interfering with electron transport in the electron transport 
chain such as to prevent electron transport within the chain. 

Also, it Is to be understood that the substance to be 
detected may Influence electron transport In an electron transport 
chain by, for example, interfering with a mechanism by which electrons 
are made available for transport along the chain. 

Thus, for example, where an enzymatic reaction is used to 
produce electrons for subsequent transport along the electron 
transport chain, any substance which interferes with the enzymatic 
reaction such as to affect the availability of electrons for 
subsequent transport along the chain n^y be detected by detecting by 
optical means a parameter related to electron transport along the 
electron transport chain (e.g. electron flux in the electron transport 
chain m be utilised to detect presence of a substance which 
interferes with the enzymatic reaction). 



Further, It Is to be understood that electron transport In 
the electron transport chain my be monitored for example by detecting 
the presence or absence of an electron in the biological component or 
part thereof, or by detecting the frequency of presence or absence of 
an electron in the biological component or part thereof; this 
monitoring may be considered to be monitoring the state of electronic 
transport In the electron transport chain. 

Thus, for example, where the electron transport chain 
Includes a collection of protein molecules which chain at one end 
gives rise to a change in mediator oxidation/reduction state (e.g. 
NADPH oxidation/reduction state) due to electron transport through the 
chain following a suitable event at the other end of the chain (e.g. 
following the splitting of water or other suitable mechanism giving 
rise to an electron for transport through an electron transport 
chain), ar\y substance which Inhibits transport of electrons in the 
chain will affect the state of electron transport in the chain and 
therefore will affect the oxidation/reduction state of the mediator. 

It has previously been proposed in the art to use an 
artificial mediator in conjunction with a whole cell as a basis for a 
sensing device; reference may be made in this context to the pages of 
the publication "Biosensors" 4 (1989) hereinbefore mentioned. 

In such a sensing device a natural mediator (e.g. NADPH) is 
replaced by an artificial mediator (e.g. potassium ferrlcyanlde) which 
can be oxidised at an electrode to give an electrical signal. It 
will be understood that any substance which Inhibits electron 
transport In the electron transport chain may result in a reduction In 
the amount of artificial mediator available In a suitable state for 
oxidation at the electrode with a resulting reduction in electrical 
signal. 

However, a sensor device such as that to which reference was 
made imnedlately hereinbefore may suffer from one or more 
disadvantages such as the following: 

(a) continuous addition of an artificial mediator may 

be required; 

(b) since the artificial mediator tends to starve a cell 

of energy, continuous e}q}osure of the cell to 
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artlflcial mediator tends to limit sensor lifetime, 
thus necessitating replacement after a relatively 
short time; 

(c) transport of electrons from the cell to the electrode 
Is generally the rate determining step; 

(d) the sensing device may be relatively non-specific 

since anything which interferes with the electron 
transport chain me^y give rise to a reduction in 
electrical signal generation at the electrode. 
By way of further explanation In relation to (d) of the 
Imnediately preceding paragraph it may be noted that electron 
transport may be inhibited at any one of a number of points on the 
chain depending upon the substance present to cause interference. 
Thus, for example, where an electron transport chain comprises a 
collection of protein molecules, such as those present in the cell 
membrane of a cell such as a cyanobacteria, electron transport between 
any two molecules in the chain may, in principle, be interrupted. 
Thus, although one substance may serve to inhibit electron transport 
at, say, one point "up stream" of the chain access point for 
benzoquinone (thus influencing mediator production) another 
substance may Inhibit electron transport at another point in the 
chain such as to influence the oxidation/reduction state of the 
mediator. 

Accordingly, the sensing device of the prior art may detect 
the presence of interfering substances without the ability to 
distinguish between said substances. 

The sensor of the present Invention may be used substantially 
to avoid or overcome one or more of the disadvantages hereinbefore 
disclosed. 

Thus, in accordance with the present Invention no artificial 
mediator as hereinbefore mentioned Is required since it is a parameter 
related to electron transport in the biological component or part 
thereof which is utilised. 

Furthermore, the optical means for detecting the parameter of 
the biological con)>onent and/or the biological component may be 
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chosen, for example, such that the parameter is characteristic of the 
biological component or part thereof so as to offer the possibility of 
greater specificity in the detection of substances. 

Thus, for example, in one embodiment of the present 
invention, the parameter to be detected ma^'be an absorption spectrum, 
or part thereof, of the biological species or part thereof. 

The absorption spectrum ras^y be, for example, 1n the 
visible/u.v. wavelength regions. However, the present Invention is 
not limited to such wavelength regions and thus as used In the 
Specification "optical means" is not limited to any particular 
wavelength. 

Furthermore, the optical means Is not, by w^y of further 
example, limited to those for detecting absorption spectra since any 
suitable optical means for detecting a parameter related to electron 
transport in the biological component, or part thereof, may be used in 
accordance with the present invention. 

Thus, by wqy of further example, an entity may be Included in 
the sensor which entity is capable of emitting energy upon receiving 
an electron from the biological component or part thereof thereby to 
enable emission from the entity to be detected by optical means to 
indicate the presence or absence of a substance to be detected; such 
an entity may be, for example, a fluorophore the light emission of 
which may be triggered by electron acceptance. 

It will be appreciated that the presence of a substance to be 
detected may influence electron transport In the biological component 
or part thereof {e.g. a conponent or components of an electron 
transport chain) such as to give rise to an electron or electrons for 
reception by the entity* 

Thus, for example, a substance to be detected m^ inhibit 
electron transport along an electron transport chain such that an 
electron becomes or electrons become available to interact with the 
entity at an intermediate position along the electron transport chain. 

By way of exanple, the entity may be substantially non-toxic 
with respect to the biological conponent or part thereof. 

By wa(y of further example, an entity maty be Included in the 
sensor which entity comprises a fluorescent redox-actlve species 
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species ro^y be Incorporated Into an Innoblllsed microorganism layer 
said layer providing the biological component or part thereof In which 
electron transport my be Influenced by the presence of the substance 
to be detected. 

Such Incorporation may be achieved, for example, by 
non-specific doping Into a growth medium or by specific covalent 
attachment (e.g. to a cellular or electron transport component). 

The choice of fluorescent redox-actlve species may be used, 
for example, to select the substance which may be detected; thus, for 
example, points on the biological component or part thereof (e.g. 
points on an electron transport chain) which cannot Interact with 
species due to energetic (redox) reasons or steric reasons (e.g. the 
Inability to form an effective charge-transfer complex) will not lead 
to a change In the oxidation state of the species. 

Thus, the present Invention further provides a method for 
detecting a substance which method Includes the steps of subjecting a 
biological component. In which biological component or part thereof 
electron transport may be influenced by the presence of a substance, 
to the Influence of the substance, said biological component being In 
comminlcation with a fluorescent redox-actlve species capable of 
accepting an electron from the biological component or part thereof 
and said species being capable of exhibiting fluorescence in one of 
its redox states, and observing the fluorescence characteristics of 

the said species. 

By way of further exanple, the present Invention provides a 
sensor which Includes a biological component which biological 
coBponent or part thereof Is such that It Is capable of giving rise to 
fluorescence (e.g. by emission and/or excitation) the fluorescence 
transient characteristics of which may be affected by the presence of 
a substance which influences electron transport In the biological 
coBponent or part thereof, and means for detecting the fluorescence 
transient characteristics. 

It will be understood, therefore, that detecting by optical 
means a parameter related to electron transport In a biological 
conponent or part thereof, embraces detecting by measurement and/or 
observation of kinetic or transient chacterlstlcs of an optical 
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phenomenon (e.g. fluorescence kinetics, op kinetic or transient 
responses of an optical phenomenon); the kinetic or transient 
characteristics maiy be, for example, those of any suitable biological 
component or part thereof (e.g. an electron transport chain or a 
specific component of an electron transport- chain). 

The biological component my be, for example, Inmoblllsed. 
Any suitable iramoblllsation technique ragy be used (e.g. adsorption, 
covalent attachment, micro-encapsulation or physical entrapment). 

The application of photo-energy to a suitable biological 
component (e.g. Illumination by light of a suitable wavelength) m^ 
produce, for example, fluorescence which has two distinct fluorescence 
components namely an immediate fast fluorescence transient component 
and a subsequent slow ("delayed") fluorescence transient component. 

The presence of a substance which affects electron transport 
In the biological conponent, or part thereof, such as to Influence 
either or both of these fluorescence components m?y be detected by 
observing the fast transient component and/or the slow transient 
component. 

For example, where a biological component or part thereof Is 
such that electron transport therein involves the transport of 
electrons into a photosystem II function, the presence of a substance 
which Inhibits such electron transport may affect the fluorescence 
transient components and thus be detected (e.g. the substance may 
cause an Increase in the fast fluorescence transient component and 
substantially reduce or abolish the slow fluorescence transient 
conponent). 

Examples of biological components which taay have the ability 
to exhibit fast and slow fluorescence transient components, which 
components may be Influenced by the presence of a substance to be 
detected, are algae, photosynthetic bacteria and chloroplasts, which 
contain photosynthetic reaction centres having photopignent complexes. 

For exanple, phycoblllprotelns possess fluorescence bands In 
the range 580-680nm and various forms of chlorophyll fluoresce In the 
680-750nm region. Selection of a suitable excitation wavelength may 
enable, for example, measurement of fluorescence emissions due to 
chlorophyll only (e.g. the Chi a band at 685nm). 
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A sensor In accordance with the present Invention therefore 
may, for exaiif>1e. Include an InmoblHsed layer of a photosynthetic 
bacterium or alga In conmunlcatlon with an optical transduction 
system. 

The optical transduction system may Include for example, a 
means for effecting the controlled excitation of fluorescence in the 
bacterium or alga and/or means for detection and/or measurement of 
energy emitted In response. 

In accordance with an embodiment of the present Invention the 
fast fluorescence transient component may be observed at a 
predetermined time or times so as to permit the presence or absence of 
a substance to be detected; the fast fluorescence transient conponent 
may, for example, be observed at a predetermined time or times prior 
to fluorescence saturation. 

In one exaii|>le of a sensor in accordance with the present 
invention photosynthetic bacterial cells or alga cells may be 
maintained in a substantially dark environment and be subjected to 
pulses of light of a selected wavelength (e.g. 600nm) and selected 
duration (e.g. 1 minute illumination followed by a 1 minute period of 
darkness) and the Intensity of fluorescence may be measured at a 
predetermined time Interval (e.g. 0.5 sec.) after the onset of 
Illumination in each pulse. 

It will be appreciated that the presence of a substance (e.g. 
a photosystem II Inhibitor) which Influences electron transport In the 
cells or part thereof may be detected by comparing the characteristics 
of fluorescence transient cmponents with the characteristics of 
fluorescence transient components in the absence of the substance. 

It will also be appreciated that, by way of example, the 
pulses of light may serve the dual purposes of maintaining cell 
viability by stimulating photosynthetic energy generation and Inducing 
detectable fluorescence (e.g. In the 685nra band). 

In one embodiment of the first aspect of the present 
Invention hereinbefore disclosed there is provided a sensor for 
detecting a substance which sensor comprises a biological conponent 
and optical means for detecting a parameter related to electron 
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transport In the biological component or part thereof wherein the 
optical means for detecting a parameter related to electron transport 
In the biological conponent or part thereof Includes an emitter and a 
detector. 

The emitter may be any suitable emitter means, examples of 
which are a laser, a light emitting diode and an optical fibre. 

The detector may be any suitable detector means such as a 
photo-detector, for exanple. 

The emitter and detector may be, for example, operated in 
accordance with suitable known techniques using suitable known 
apparatus as required. 

In another embodiment of the present invention there is 
provided a sensor for detecting a substance which sensor comprises a 
layer of cells, capable of providing a biological component, 
sandwiched between an optical emitter and an optical detector. 

Where, by way of example, an emitter and a detector are used 
in accordance with the present invention the emitter and detector may 
be arranged, for example, to co-operate so that together they form an 
optical means which may be specific to one wavelength or to a number 
of wavelengths. 

Thus, for example, an optical means comprising an emitter and 
a detector may be arranged to be specific to one wavelength or to a 
number of wavelengths by using an emitter capable of specific emission 
and/or using a detector capable of specific detection and/or by using 
filters Interposed in an optical path between an emitter and a 
detector. 

It has hereinbefore been disclosed that electron transport in 
the electron transport chain m be monitored for example by 
detecting the presence or absence of an electron In the biological 
component, or part thereof. 

Thus, for example. If an absorption spectrum, or a part 
thereof, is used as a parameter to be detected, it will be understood 
that the spectrum or part thereof «i^y differ depending upon whether, 
or not, electrons are passing along an electron transport chain. 
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Accordingly, by observing an absorption spectrum or part 
thereof the presence or absence of a substance capable of Influencing 
electron transport In an electron transport chain may be detected. 

Thus, by ws^y of further example, the present Invention 
further provides a method for detecting a substance, which method 
Includes the step of subjecting a biological component, In which 
electron transport may be Influenced by presence of a substance, to 
the Influence of the substance, applying electro-magnetic energy, such 
as photo-energy, to the biological component and observing an 
absorption spectrum, or part thereof, of the biological component or 
part thereof. 

It Is to be understood that, by waty of example, It m^iy be 
possible to arrange for the presence of a substance to be detected to 
give rise to a reduction in observed Intensity In an absorption 
spectrum or part thereof (e.g. by choosing to observe at a selected 
wavelength or wavelength region). However, It Is further to be 
understood that It Is possible alternatively, by way of example, to 
arrange for presence of the substance to give rise to an Increase In 
observed Intensity In an absorption spectrum or a part thereof (eng. 
by choosing to observe at a selected wavelength or wavelength region); 
It Is to be understood further that this Increase In observed 
Intensity may be achieved, for exanple, by choosing a wavelength or a 
wavelength region in which a peak occurs when the biological component 
or part thereof Is in a state of electron transport activity which is 
reduced coiq)ared with normal. The term "normal" In the Immediately 
preceding sentence means the situation which obtains when substance to 
be detected is not present and electron transport occurs as Is usual 
for a given electron transport chain. 

Hhere photo-energy (e.g. white light) is applied to a 
biological component In order to enable an absorption spectrum to be 
produced, and also where the biological component has a photosynthetic 
electron transport chain, it may be possible. If desired, to utilise 
the photo-energy both to produce the absorption spectrum and to 
"drive" the photosynthetic electron transfer chain. 
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In accordance with a further embodiment of the present 
Invention a sensor may Include a support material for the biological 
component. 

Optionally, an emitter and/or a detector may be carried by a 

support material* 

The support material may, for example, be a silicon wafer. 

By weiy of further exanple, a support material m^ be 
subjected to microraachining to provide thereon or therein a region or 
area for acconmodatlng a biological component. 

It will be understood that micromachlnlng may be carried out 
in ariy suitable manner such as those known for constructing structures 
on a small (e.g. micron) scale (e.g. photolithography). 

Thus, in a further embodiment a support material racor be 
constructed so as to be suitable for acconmodating a whole cell or a 
plurality of whole cells. 

For example, a suitable support material (e.g. a silicon 
wafer) may be provided with a groove into which a plurality of 
substantially rectangular microorganism cells may fit "end-to-end"; 
by providing an emitter at one end of the groove and a detector at the 
other end of the groove, energy passing through a plurality of cells 
(and hence encountering a plurality of electron transfer chains) mv 
be monitored to enable the presence or absence of a substance to be 
detected. 

Ely wqy of example, more than one groove with cells may be 
used; one of a plurality of grooves with cells may, optionally, be 
used to produce a reference signal. 

According to a further aspect of the present invention there 
is provided a process for the preparation of a sensor, the sensor 
including a biological component, in which electron transport may be 
influenced by the presence of a substance to be detected, and optical 
neans for detecting a parameter related to electron transport in the 
biological conponent or part thereof, which process Includes the step 
of depositing a biological component on a support material. 

Optionally, a biological component may be deposited on a 
support material and Immobilised thereon. 
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Imnoblllsatlon may be carried out in any suitable manner, one 
example of which is growing of biological conponent into a defined 
region of a support material. 

The present invention also provides a method for the 
detection of a substance which method includes using a sensor in 
accordance with the present invention. 

It Is to be understood that the term "parameter" as used in 
this Specification includes any property related to electron transport 
in a biological component or part thereof, which property is 
detectable by optical means. 
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CLAIMS 

1. A sensor for detecting a substance which sensor includes a 
biological component, in which electron transport may be Influenced 
by presence of substance to be detected, and optical means for 
detecting a parameter related to electron transport in the biological 
component or a part thereof. 

2. A sensor as claimed in Claim 1 wherein the optical means 
Includes an emitter and a detector. 

3. A sensor as claimed in Claim 2 wherein the emitter is a 
laser, a light emitting diode or an optical fibre. 

4. A sensor as claimed in Claim 2 wherein the detector is a 
photo-detector. 

5. A sensor as claimed In any one of Claims 2, 3 or 4 wherein 
the sensor comprises a layer of cells, capable of providing a 
biological component, sandwiched between an optical emitter and an 
optical detector. 

6. A sensor as claimed in any one of Claims 2, 3, 4 or 5 
wherein the emitter and detector are arranged to co-operate so that 
together they form an optical means which m be specific to one 
wavelength or to a number of wavelengths. 

7. A sensor as claimed in any one of Claims 1, 2, 3, 4, 5 or 
6 wherein the sensor includes a support material for the biological 
component. 

8. A sensor as claimed in Claim 7 wherein the support 
naterial is a silicon wafer, 

9. A sensor as claimed in Claim 7 or Claim 8 wherein the 
support material is subjected to micromachining to provide thereon or 
therein a region or area for acconnodating a biological component. 

10. A sensor as claimed in aw one of Claims 7. 8 or 9 wherein 
the support Hiaterial is constructed so as to be suitable for 
acconwodating a Whole cell or a plurality of whole cells. 

11. A sensor as claimed in any one of Claims 7, 8, 9 or 10 
wherein a groove is supplied by the support material to accommodate a 
cell or a plurality of cells. 
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12. A sensor as claimed In any one Claims 1 to 11 wherein the 
biological component provides an electron transport chain comprising 
a photosynthetic electron transport chain or a mitochondrial electron 
transport chain. 

13. A sensor as claimed in any one of claims 1,2,3,4,6 or 7 
wherein the biological component comprises a single component of an 
electron transport chain. 

14. A sensor as claimed in Claim 13 wherein the single 
component is innobllised. 

15. A sensor as claimed In any one of Claims 1 to 14 wherein 
the sensor includes an entity which is capable of emitting energy 
upon receiving an electron from the biological component or part 
thereof thereby to enable emission from the entity to be detected by 
optical means to indicate the presence or absence of a substance to 
be detected. 

16. A sensor as claimed in Claim 15 wherein the entity 
convrises a fluorescent redox-active species which Is capable of 
accepting an electron from the biological component or part thereof 
and capable of exhibiting fluorescence in one of its redox states. 

17. A sensor as claimed in any one of Claims 1 to 14 wherein 
the sensor includes a biological component which biological component 
or part thereof is such that it is capable of giving rise to 
fluorescence the fluorescence transient characteristics of which may 
be affected by the presence of a substance which influences electron 
transport In the biological component or part thereof, and means for 
defecting the fluorescence transient characteristics. 

18. A method for detecting a substance, which method includes 
the steps of subjecting a biological component, in which electron 
transport may be Influenced by presence of a substance to be 
detected, to the influence of the substance and detecting by optical 
means, which means Includes an emitter and a detector, a parameter 
related to electron transport In the biological component or part 
thereof. 
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19. A method as claimed In Claim 18 wherein the biological 
component is a membrane within a cell. 

20. A method as claimed In Claim 18 wherein the biological 
component Is part of a cell membrane* 

21. A method as claimed In any one of Claims 18> 19 or 20 
wherein the biological component Is provided by a whole cell. 

22. A method as claimed In Claim 21 wherein the cell is a 
bacterium^ an alga, a yeast or a plant celK 

23. A method as claimed 1n any one of Claims 18, 19, 20, 21 or 
22 wherein the biological component provides an electron transport 
chain which comprises a photosynthetic electron transport chain or a 
mitochondrial electron transport chain. 

24. A method as claimed In any one of Claims 18, 19, 20, 21 or 
22 wherein the biological component provides an electron transport 
chain which derives electrons from catalysis of organic molecules. 

25. A method as claimed In Claim 18 wherein the biological 
component comprises a single component of an electron transport 
chain. 

26. A method as claimed in Claim 25 wherein the single 
component is immobilised. 

27. A method as claimed in any one of Claims 18 to 26, 
wherein the substance to be detected is a toxic substance or a 
pollutant. 

28. A method as claimed in any one of Claims 18 to 27, wherein 
the parameter is an absorption spectrum or a part thereof. 

29. A method as claimed in any one of Claims 18 to 27, wherein 
an entity is used which entity is capable of emitting energy upon 
receiving an electron from the biological component or part thereof 
thereby to enable emission from the entity to be detected by optical 
means to indicate the presence or absence of a substance to be 
detected. 

30. A method as claimed in Claim 29 wherein the entity 
comprises a fluorescent redox -active species which is capable of 
accepting an electron from the biological component or part thereof 
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and capable of exhibiting fluorescence In one of Its redox states. 

31. A method as claimed In any one of Claims 18 to 27 wherein 
the biological conponent or part thereof Is such that it Is capable 
of giving rise to fluorescence the fluorescence transient 
characteristics of which may be affected by t+»e presence of a 
substance which Influences electron transport In the biological 
component or part thereof and fluorescence transient characteristics 
are detected. 

32. A method as claimed In Claim 28 which Includes the step of 
subjecting a biological component In which electron transport may be 
Influenced by presence of a substance to the Influence of the 
substance, applying electro-magnetic energy to the biological 
component and observing an absorption spectrum, or part thereof, of 
the biological component or part thereof. 

33. A method as claimed In any one of Claims 18 to 27 wherein 
photo energy Is applied to a biological conponent or part thereof 
such that fluorescence Is produced which fluorescence has two 
distinct fluorescence components comprising a fast transient 
component and a slow transient component. 

34. A method as claimed In Claim 33 wherein the biological 
component comprises algae or photosynthetic bacteria, or 
chloroplasts. which contain photosynthetic reaction centres having 
photoplgment complexes. 

35. A process for the preparation of a sensor, the sensor 
Including a biological component. In which electron transport may be 
Influenced by the presence of a substance to be detected, and optical 
means for detecting a parameter related to electron transport in the 
biological component or part thereof, which process includes the step 
of depositing a biological component on a support material. 

36. A process as claimed In Claim 35 wherein the biological 
coii<>onent Is deposited and imnoblllsed on the support material. 

37. A process as claimed in Claim 36 wherein immobilisation Is 
effected by growing of biological component Into a defined region of 
the support material. 
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38. A method for the detection of a substance which method 

Includes using a sensor as claimed In Claim 1. 



